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摘  要  
环戊二烯基 (Cp) 和取代环戊二烯基配体是金属有机化学中最常见和最有
效 的 配 体之 一。 在 众多 环 戊二 烯 基配 合 物中 ，半 夹 心型 钌 配合 物
(5-C5R5)RuCl(PPh3)2及其相关化合物在金属有机化学和有机合成中得到越来越
广泛的应用, 并表现出高度的原子经济性。硼杂苯 (boratabenzene，borabenzene) 








半夹心型钌配合物 (η5 -C5R5)RuCl(PPh3)2 的反应性质。最后，对本论文的设想和
研究目标进行了阐述。 
第二章考察了 [IrCl(COD)]2 与两种常见的硼杂苯配体 (KDPB 和 KDAB) 
的反应。含膦配体 KDPB 存在多种配位模式，通过改变 KDPB 和 IrCl(COD)]2
的比例可得到三种结构新颖的化合物，而且通过调节二者的比例可以实现这三
种化合物的相互转化。而含氮配体 KDAB 与 [IrCl(COD)]2 反应得到简单的 η
6-
配位的化合物。 
第三章考察了中性硼杂苯钌配合物 (η6-DAB)RuCl(PPh3)2 (3-4) 的反应性
质。通过化合物 3-4 与双齿膦配体如 dppf，dppe 发生配体取代反应，丰富了硼
杂苯钌配合物的种类。化合物 3-4 与末端炔烃 RC≡CH (R = Ph, tBu) 的反应很
慢，且生成多种产物，难以分离纯化得到亚乙烯基化合物，而与己炔或三甲基

















第四章考察了离子型硼杂苯钌配合物  [(η6-DAB)Ru(PPh3)2(CH3CN)]PF6 










































Cyclopentadienyl (Cp) ligand and its derivatives are among the most common 
and efficient ligands in organometallic chemistry. Among the complexes containing 
Cp ligand, half-sandwich ruthenium complex (5-C5R5)RuCl(PPh3)2 and related 
complexes exhibit versatile reactivities, which can catalyze a number of organic 
reactions with high selectivity and atom economy. Boratabenzenes are six-π-electron, 
aromatic anions, which can serve as replacement ligands for the ubiquitous Cp. Their 
coordination properties are similar to that of Cp. In addition, it is easier to modulate 
their electronic contributions by the choice of the exocyclic subst ituent on boron. 
Complexes with boratabenzene ligands have attracted increasing interest in recent 
years. 
In this thesis, a series of half-sandwich boratabenzene iridium and ruthenium 
complexes have been synthesized and fully characterized. The reactivity of some 
complexes has also been studied preliminarily. This thesis consists of the following 
four chapters: 
In chapter 1, the research progress of boratabenzene complexes are briefly 
reviewed. The reported synthetic methods, coordination modes and catalytic 
activities are also summarized. Then the reactivity of CpRuCl(PPh3)2 is briefly 
introduced. In addition, the objectives of this thesis are present. 
In chapter 2, the reaction of [IrCl(COD)]2 with two similar boratabenzene 
ligands (KDPB and KDAB) have been studied. KDAB reacted with [IrCl(COD)]2 to 
produce the η6-coordinated complex as expected, while KDPB could gave three 
different products dependent of the ratio of KDPB and [IrCl(COD)]2. What is more, 
these three compounds can transform each other by adjusting the ratio of the 
reactants. 
In chapter 3, the synthesis and reactivity of (η6-DAB)RuCl(PPh3)2  (3-1) have 















radily with dppe or dppf, which is similar to CpRuCl(PPh3)2. The reactions of 
complex 3-1 with hexyne or  HC≡CTMS did not provide the expected ruthenium 
vinylidene complexes but gave the compounds 
(η6-DAB)RuCl(C6H4PPh2CH=CHC4H9) (3-10) and 
(η6-DAB)RuCl(C6H4PPh2CH=CH2) (3-11) through ruthenium vinylidene 
intermediates.  
In chapter 4, the synthesis and reactivity of [(η6-DAB)Ru(PPh3)2(CH3CN)]PF6 
(4-1) have been studied. Treatment of complex 4-1 with HC≡CTMS gave the 
expected ruthenium vinylidene, while the reactions with ω-hydroxy-1-ynes provided 
cyclic carbene complexes via intramolecular cyclization of ω–hydroxyvinylidene 
intermediates. The catalytic activity of complex 4-1 towards the redox isomerization 
of allylic alcohols was also investigated. The results show that it is a highly reactive 
catalyst for the substrates without substitutents on the C=C double bond. As for the 



























第一章 绪 论 
1 

















硼杂苯是含 6 个   电子的芳香性杂环，其配位化学性质和环戊二烯基离子 
(Cp) 相似，既可作为 Cp 的等电子配体，又可以通过改变硼上的取代基方便地
调节配体的电子性质和空间位阻，从而调控相应配合物的反应性质[6]。下面结














第一章 绪 论 
2 
1.1 配体合成方法 
首例硼杂苯配合物报道于 1970 年[7]。Herberich 小组在研究二茂钴和烷基硼





继 Herberich 的意外发现之后，Ashe 小组找到了一个从 1,4－戊二炔合成硼




Fu 小组 [10,11]在此基础上发展了一种合成中性的硼杂苯 (C5H5BPMe3) 
(borabenzene) 的方法 (Scheme 1.3)。这是一个 PMe3 的加合物，可与一系列的

























































硼杂苯配合物 1-8[15]。机理研究表明，该反应先是得到 η6 配位的中间体 A，然
后发生分子内的亲核进攻得到中间体 B，最后离去 PMe3，得到最终产物 1-8。 
Scheme 1.6 
     2008 年， 上 海有 机 所 的陈 耀 峰 小组 报 道 了利 用 C5H5BPMe3 与
[Yb(N(SiMe3)2)2]2 反应得到一种结构新颖的的 ansa 型配合物 1-9。反应涉及到






年，Hare 小组报道了通过类似 Herberich 的方法，用 1,4-(BBr2)2C6H4 与二茂钴

















1997 年，Bleeke 小组在研究金属铱苯 1-11 与 BF3 的反应时，意外地得到了




和经典的含 Cp 配合物类似，硼杂苯配体与金属中心往往形成 η6- 配位[19]。
而当硼上取代基为 PR2 或者 NR2 时，情况有所不同。硼上的 P 是常见的配位原
子，易于与金属中心配位，因此表现出更为丰富的配位性质；而 B-N 之间由于
存在强相互作用[20]，影响了其与金属中心的配位方式。 
1997 年，Fu 小组报道 K[C5H5BNPh2] 和 K[C5H5BPPh2] 的单晶结构。结果
表明，B-N (1.510 Å) 之间表现为双键，与氮原子直接相连的三根键采用三角平
面构型，键角之和为 360 οC 进一步证实了这一点；而 B-P (1.968 Å) 之间为单
键，与磷原子直接相连的三根键采用锥形结构，三个键角之和为 310 οC [21]。 
1996 年，Fu 小组报道了首例硼杂苯配体—1-(二苯基膦基)硼杂苯 (DPB-)
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